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Semantic interoperabilityThis work investigates, whether openEHR with its reference model, archetypes and templates is suitable
for the digital representation of demographic as well as clinical data. Moreover, it elaborates openEHR as
a tool for modelling Hospital Information Systems on a regional level based on a national logical infras-
tructure. OpenEHR is a dual model approach developed for the modelling of Hospital Information
Systems enabling semantic interoperability. A holistic solution to this represents the use of dual model
based Electronic Healthcare Record systems. Modelling data in the ﬁeld of obstetrics is a challenge, since
different regions demand locally speciﬁc information for the process of treatment. Smaller health units in
developing countries like Brazil or Malaysia, which until recently handled automatable processes like the
storage of sensitive patient data in paper form, start organizational reconstruction processes. This arche-
type proof-of-concept investigation has tried out some elements of the openEHR methodology in coop-
eration with a health unit in Colombo, Brazil. Two legal forms provided by the Brazilian Ministry of
Health have been analyzed and classiﬁed into demographic and clinical data. LinkEHR-Ed editor was used
to read, edit and create archetypes. Results show that 33 clinical and demographic concepts, which are
necessary to cover data demanded by the Uniﬁed National Health System, were identiﬁed. Out of the con-
cepts 61% were reused and 39% modiﬁed to cover domain requirements. The detailed process of reuse,
modiﬁcation and creation of archetypes is shown. We conclude that, although a major part of demo-
graphic and clinical patient data were already represented by existing archetypes, a signiﬁcant part
required major modiﬁcations. In this study openEHR proved to be a highly suitable tool in the modelling
of complex health data. In combination with LinkEHR-Ed software it offers user-friendly and highly appli-
cable tools, although the complexity built by the vast speciﬁcations requires expert networks to deﬁne
generally excepted clinical models. Finally, this project has pointed out main beneﬁts enclosing high cov-
erage of obstetrics data on the Clinical Knowledge Manager, simple modelling, and wide network and
support using openEHR. Moreover, barriers described are enclosing the allocation of clinical content to
respective archetypes, as well as stagnant adaption of changes on the Clinical Knowledge Manager lead-
ing to redundant efforts in data contribution that need to be addressed in future works.
 2015 Elsevier Inc. All rights reserved.1. Introduction
Recent recommendations of the European Commission (eHealth
Action Plan 2015–2020) state that semantic interoperability of
electronic healthcare record (EHR) systems is a serious challenge
in eHealth solutions [22,1,65,68,28,64,44,37]. This is because
semantic interoperability (SIOp) would allow to exchange health-
related knowledge [51,73] and information among disparate
openEHR
HL7 CDA
Archetypes
HL7 V.3 
RIM 
CEN 13606
Fig. 1. Schematic relationship between openEHR, CEN 13606 and HL7 CDA.
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health systems [71,77,20]. EHR encompasses past medical history,
progress notes, vital signs and several other reports [24].
Furthermore, it integrates healthcare data of systems, which fol-
low: administration, clinical, lab, nursing, pharmacy and radiology
[32,35]. An EHR has the ability to support care-related activities
[33,72]. It can deliver evidence-based support and contribute to
clinical quality management [70]. With the growing digitalization
of health records (HRs), several regional and national healthcare
networks using eHealth with interoperable approaches have been
established internationally [21,39,43]. Healthcare professionals
manage complete EHRs of patients independently from institutions
that generate each clinical session [29,75]. Therefore, SIOp of
healthcare systems is required in order to advance effective and
safe delivery of healthcare for individuals and communities across
organizational boundaries [74]. However, clinical information
technologies do not always permit data to be shared across clini-
cians, labs, hospitals, pharmacies, and patients regardless of the
application or application vendor [76]. Especially, primary health-
care faces problems in the application of SIOp [42]. There is cur-
rently no standard available for a Shared-EHR (SEHR) system,
which supports several functions like creation, storage, mainte-
nance, and querying of SEHRs [67]. Moreover, no single EHR stan-
dard exists that provides complete EHR interoperability [36].
However, openEHR aims at counteracting this observation. From
Fig. 1 it can be obtained that openEHR is the only open speciﬁca-
tion available, compared to CEN 13606 and HL7 CDA, which meets
all requirements for a holistic purpose. It shows that CEN 13606
incorporates a hierarchical structure of the openEHR archetype
methodology [57]. It has been suggested to extend CEN 13606 in
order to achieve the purpose of multi-function [17,67].
Nevertheless, this plan is not realized yet. HL7 CDA represents a
subset of the CEN 13606 standard. Since HL7 V.3 is based on a
Reference Model (RM), the RIM, it does not provide a speciﬁcation
for an EHR architecture yet [32,34]. Due to the fact that openEHR
represents a two level approach, this work falls into the category
of dual model architecture and contributes with new archetypes
toward SIOp. We show that out of the required archetype data
set, a signiﬁcant number had to be modiﬁed to represent clinical
and demographic patient data. This is because their content was
not complete or not represented before. Moreover, we describe
the role of openEHR in the context of modelling gestation related
data in relation to regional factors. Each country requires a differ-
ent data setup to document procedures in obstetrics, and requires
therefore a regionally speciﬁc process of data integration into the
EHR environment.
1.1. Problem and solution
The aim of this research is to investigate whether openEHR is a
possible approach for modelling Hospital Information Systems
(HIS) on a regional level. Around one decade ago, the Brazilian
Federal Government introduced a program to decrease the mater-
nal and newborn mortality. The idea was to improve the existing
prenatal attendance. In 2006 the Ministry of Health published a
manual for local districts. The instructions recommended to
healthcare professionals, considered a pioneering treatment of
pregnant women. For the ﬁrst time, a protocol of care was foreseen
to document stages of pregnancy following the process of more
advanced countries [47]. Women care is an increasingly important
topic in developing countries and is increasingly considering auto-
mated procedures to support women health [10,4,60,62]. As an
open source standard, openEHR is attractive to developing coun-
tries. Archetypes are highly interoperable, although they were
designed to represent most of the clinical data existing in interna-
tional setups. Based on literature review, we conclude thatcurrently existing archetypes do not cover clinical and demo-
graphic data relating to obstetrics. This work aims at answering
three main research questions and investigates some process
related observations:
1. Is the openEHR approach with its RM, archetypes and templates
suitable for representing demographic and obstetrics related
data as applied in Brazilian health units?
2. How to describe the process and issues related to the develop-
ment of openEHR content during different moments of the
obstetrics scenario?
3. Can openEHR become a candidate for a national logical infras-
tructure for semantic interoperability?
The remainder of this paper is organized as follows. The end of
this section provides a summary of contributions. Section 2
reviews existing works and differentiates main problems and solu-
tions of this research from others. Section 3 provides an overview
of the openEHR dual model approach, interoperability, the deﬁni-
tion of archetypes, healthcare data processing and archetype deﬁ-
nition language. Section 4 deals with materials and methods used
for the modelling of archetypes and describes the procedure in
details. In Section 5 results are shown and discussed. Section 6 con-
cludes the paper and provides an insight into future works.
1.2. Summary of contributions
A partial representation of real data used by the Brazilian health
unit in the city of Colombowas performed. Its purpose was to verify
whether the approach satisﬁes requirements of particular data.
Based on these results, the health unit canuse suggested archetypes,
whichwere changed to a certain extent and listed in Section 5 of this
manuscript. This facilitates the later effort on the subject of data
representation using the same approach. By meeting professional
recommendations toward tools and methods, as well as a priori
information exchange on each archetype with medical doctors and
nurses at the health unit of Colombo, thisworkwas validated during
the complete modelling process. Furthermore, content related
change of openEHR-DEMOGRAPHIC-ITEM_TREE.person_details.v1
referring to ‘Education status’ was done because it did not cover all
general information required, and will be implemented into the
Clinical KnowledgeManager (CKM)within coming reviewprocesses
by the community. It is expected that future systems will use addi-
tional information created in this work. Moreover, an issue was
found on the CKM within the demographic archetype openEHR-
DEMOGRAPHIC-ORGANISATION.organisation.v1. This error is
relating to a slot information. The solution to this problem was
requested to respective authors. Results provided in this research
are of relevance for the Brazilian health care system but also for
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deﬁcits. Hence, according to the discussion above, the main objec-
tives of this paper providing novel aspects are as follows:
1. The modelling of demographic and obstetrics related data as
applied in Brazilian health units using openEHR by reusing,
editing and creating archetypes.
2. Description of process and issues related to the development of
openEHR content during different moments of the obstetrics
scenario.
3. Validation of openEHR concerning obstetrics data related to
become a candidate for a national logical infrastructure based
on the coverage of demanded data by usage of the openEHR
approach.
2. Related works
This section reviews existing works on the ﬁeld of data mod-
elling using openEHR and points out differences, problems and
solution approaches of this paper from others. Literature differen-
tiates between the most important EHR architectures, providing
SEHR: (1) openEHR; is an open source EHR standard. The approach
distinguishes RM and archetypes [36]. This two-level modelling
approach known as the ‘archetype methodology’ makes openEHR
powerful compared to subsequent EHR architectures. The key
openEHR innovation is adaptability. This is realized by archetypes
being external to the software. (2) ISO EN13606; is like openEHR
an EHR standard based on dual model architecture. It became a
European standard for national projects and was implemented in
Brazil [66]. (3) HL7; is a XML-based standard for exchanging clin-
ical documents. It uses Clinical Document Architecture (CDA) for
the transmission of information from source clinical information
systems to a SEHR system [50,67]. Two of the most recent EHR
structures ISO-CEN EN13606 and openEHR are based on the dual
model approach. The ﬁeld of clinical informatics has been expand-
ing rapidly since its inception [55]. Evidence about improved pro-
cess outcomes is consistently reported in literature [14,16]. A
research group published results on a work on acute stroke care
under the inﬂuence of various parameters like pregnancy, child-
birth in the last month, breastfeeding, etc. [4]. In their setup they
used the Guideline Deﬁnition Language (GDL) Editor. Their results
include 13 reused, 2 new and 1 extended archetype. Another study
from the University of Porto in Portugal showed that openEHR is
not sufﬁcient to fully represent gestation related data [69].
However, in that work only a total of 3 archetype templates was
created using Ocean Archetype Editor. Two of them described the
data needed during the obstetrics scenario, the other one described
data requirements. Investigations on the topic of clinical data pro-
cessing in the ﬁeld of obstetrics on a national level in Denmark
were carried out by Bernstein et al. using both, the openEHR
Archetype Editor and the Ocean Informatics Template Designer
[9]. The project was based on openEHR speciﬁcations including
RM, archetypes, and templates. In total, the research team used
10 archetypes to cover the Danish clinical content speciﬁcations
of obstetric examinations. In that research it could be observed
that the clinical terminology provided by openEHR seemed to dif-
fer from the Danish requirements. Another work, which was car-
ried out in Germany, introduced the modelling of a prototype
neonatology Electronic Patient Record (EPR) using openEHR arche-
types [15]. The team applied a total of 125 archetypes. 46% could
be reused and 54% were developed. This research used achieve-
ments of previous research, which consist of an overview about
the data recorded during the attendance of obstetrics patients
[61]. As for the state Paraná in the south of Brazil, referring to
the health unit in Colombo, a newborn patient information system
was developed [19]. As shown in this section, at the moment thereare no implementations in the openEHR environment of obstetrics
related clinical or demographic archetypes, as required by the
national health system of Brazil. It could also be shown that no
results were acquired on this speciﬁc topic under the usage of
LinkEHR-Ed archetype editor as proposed in this research. This
indicates a new application and outcome in the modelling of ges-
tation related openEHR archetypes. Therefore, this research tries
to ﬁll the gap in the healthcare data modelling of developing coun-
tries. In comparison to research efforts found in the literature, our
work has the following differences:
 Representation of obstetrics related health data required by the
national Ministry of Health, Brazil.
 New demographic information implemented in archetypes
under the maintenance of consistency.
 New clinical and demographic information integrated in
archetypes.
 Extension of existing archetypes according to the needs of
national data processing in a regional setup.
 Evaluation of the process of specialized data modelling using
LinkEHR-Ed archetype editor.
3. Preliminaries
This section provides an overview of the openEHR dual model
approach, interoperability, the deﬁnition of archetypes, scheme,
healthcare data processing and archetype deﬁnition language.3.1. Interoperability
Interoperability is the ability of systems to work together [3]. It
is necessary if two or more systems or components require to
exchange information and to use data that have been exchanged
[23,27,30,11]. For this purpose international e-health communities
are working to postulate several models of health information
[50,48], many of them using openEHR [2]. This open standard
effort leads to a syntactic, semantic and cross-domain interoper-
ability. The goal is to provide effective and efﬁcient information
exchange between multiple organizations that can be automati-
cally interpreted by its systems.3.2. Dual model approach
The key concept of openEHR is ‘two-level’ modelling [46]. It
represents an alternative method to achieve interoperability.
This approach separates the semantics of information and
knowledge into two levels [6]. The ﬁrst level, called the
‘Reference Model’, is the software object model level. Only this
level is implemented in software due to small size and content
stability. Moreover, the concept improves maintenance over sin-
gle-level systems [7]. The second level accounts for formal def-
initions of clinical content in form of archetypes and templates,
namely knowledge (Fig. 2). Clinical content is developed and
sustained directly by domain specialists and not by IT personnel
[8]. The EHR system is therefore protected against changes in
the volatile knowledge-level, so that any occurrence of concepts
change only requires the usage of new templates and arche-
types instead of holistic system changes. Information rich
domains like the healthcare sector require systems built from
dual level information models, which are driven at runtime by
knowledge-level concept deﬁnitions or archetypes. This allows
the openEHR archetype framework to enable future-proof infor-
mation systems and database schemas completely outside the
software [31].
Fig. 2. Dual model modelling concept for knowledge management of information systems according to Beale [7].
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Archetypes denote models deﬁning some domain concepts,
which are expressed using constraints on instance structures of
an underlying reference model [6]. They impose a hierarchical
structure to EHR [51] and allow specialists to express constraints
to clinical concept instances using Archetype Model Language
(ADL) [53] in order to meet the requirements of a speciﬁc clinical
record, namely template. This enables the reuse of archetypes in
many templates. An archetype embodies concepts such as current
medications, examination of the uterus or blood pressure for
example. An archetype embodies concepts such as current medica-
tions, examination of the uterus, and blood pressure. Moreover, an
archetype can be can specialized, a mechanism that inherits the
archetype parent concepts allowing changes to suit the new
requirements imposed. An archetype consists of four main compo-
nents: description, deﬁnition, ontology, and revision history. The
description section contains metadata, like identiﬁer, state of
development, and version. However, the most important section
of an archetype is its deﬁnition tree, wherein the clinical concept
is represented by constraining the RM classes [49]. Demographic
models can be also deﬁned by ADL regular expressions to describe
a person, group, organization or agent. Archetypes can be reused to
deﬁne new archetypes. Both openEHR and ISO EN 13606 use the
same architecture and can exchange data via transformations as
described by Martínez-Costa et al. [53].3.4. Healthcare data processing
Healthcare data are information used in a clinical environment.
Two of the most recent EHR structures ISO-CEN EN13606 and
openEHR are based on the dual model approach. Modelling health-
care data represents an optimization problem and requires accu-
rate knowledge management like other systems do [59,12].
In the following, it gets explained how healthcare consumer
data become part of the EHR [30]. Every person receiving health-
care service and being therefore recorded within the EHR is identi-
ﬁed with at least one unique number. The identiﬁcation number
(ID) is an example for an identiﬁer in order to distinguish one per-
son. Subsequently, the individual EHR can get created by adding
case related content to a set of compositions comprising sectionsand entries. According to Leslie and Heard [45] entries are the most
common and fundamental building blocks of EHRs. They contain
most of the ‘stand-alone’ structured clinical information [18].
Four main types of Entry archetypes are distinguished:
 Observations – evidence based data, usually includes the
patient history, examination ﬁndings, test results, measure-
ments and other observable data. Examples include blood pres-
sure, Apgar Score, pathology test, weight, etc.;
 Evaluations – clinically interpreted ﬁndings, where the clinician
looks at the evidence provided by the observations and makes a
clinical judgment or assessment e.g. adverse event, diagnosis or
assessment of risk;
 Instructions – orders or requests for care – used to record the
initiation of a workﬂow process, such as a medication order or
referral;
 Actions – means to record how instructions are carried out by
recording clinical activities e.g. that a procedure has been
scheduled or completed, or that a medication has been pre-
scribed, dispensed or administered. Actions complement the
instruction and can record the state of the instruction, such as
‘active’, ‘completed’ or ‘cancelled’.3.5. Archetype deﬁnition language
ADL is a formal language developed by openEHR and provides
an abstract syntax to express archetypes for any RM like
openEHR or ISO EN 13606 [54]. One archetype can include other
archetypes and is usable to form templates. Templates are techni-
cally specialized archetypes. The objective of these artefact types is
to narrow the choices of archetypes for speciﬁc purposes such as to
build deﬁnitions of content for particular use cases. These cases can
be in form of message types, reports or similar. That includes the
ability to make optional data points mandatory and to bind data
points to terminology subsets appropriate for a given setting.
Practically, templates act in constraining archetypes down to make
them usable for clinicians. Moreover, templates cannot overrule
archetypes. ADL is path addressable. It uses an Archetype Object
Model (AOM) to express archetypes for any RM [49]. Moreover,
ADL is parsable so that it can be analyzed or separated into more
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to convert ADL into various other formalisms like XML for example.4. Research methodology and processed data
This section deals with the materials and methods used for
modelling archetypes. It introduces open source openEHR arche-
type editors, data representation, modelling of demographic as
well as clinical archetypes, specialization and a generalization of
the application of openEHR. In this methodology, three archetype
editors, namely Ocean Informatics, LinkEHR-Ed, and LiU
Archetype Editor were used to test the modelling of data. Here,
the authors used Microsoft Windows XP in order to use openEHR
tools for creating archetypes and also to compose them to tem-
plates [25]. It should be considered that some of the tools provided,
are not compatible with other operating systems. Furthermore, the
installation of Java Virtual Machine (JVM) is required due to the
implementation of the editors in Java [50].
4.1. openEHR archetype editors
For the purpose of data modelling, a suitable archetype editor is
required. Therefore, the three above mentioned archetype editing
environments have been tested. Conceptually, there is no differ-
ence between the editors of Ocean Informatics and the LinkEHR-
Ed. However, ISO EN13606, which is an alternative to the
openEHR speciﬁcation, uses the LinkEHR-Ed with a wide open
vision about archetypes compared to the implementation of ADL
1.5/2 within the Ocean Informatics editor. Moreover, the Ocean
Informatics editor possesses a speciﬁc occurrence of items within
the archetype deﬁnition, which in turn has ﬁxed Entries
(Observation, Evaluation, Action, Instruction, etc.). Due to the gen-
eric attribute of ISO, it allows LinkEHR-Ed the addition of further
items. The Ocean Informatics Archetype Editor, which is ﬁnancially
supported by the Commonwealth Government of Australia, pro-
vides direct access to the CKM, which is a strong point in terms
of usability [51]. However, it shows an outdated help documenta-
tion. The LinkEHR-Ed Archetype Editor was created by the IBIME
Group, which is supported by the Spanish government. LinkEHR-
Ed provides a detailed documentation [40]. Online available man-
uals support especially beginners in creating archetypes. This tool
does not only provide drag-and-drop functions but also sub-units
to select. Users can switch between hierarchical tree views and
the ADL workbench. This option is useful when it comes to the
usage of complex data. Although we experienced minor drawbacks
in terms of user-friendliness, LinkEHR-Ed archetype editor proved
to be a useful tool for processing archetypes. The LiU Archetype
Editor, which was initially developed at the Department of
Biomedical Engineering at the Linköpings University in Sweden
[25], provides a poor documentation and inoperable links on its
homepage. However, it is sufﬁcient for the development of arche-
types but not recommendable for beginners. Based on this evalua-
tion, LinkEHR-Ed archetype editor was chosen as the main editor
for subsequent archetype modelling.
4.2. Modelling with openEHR
In the following paragraphs, the modelling of the required
demographic and clinical data is explained in details. First, it was
necessary to preprocess data, which were originally provided in
paper form. This includes the extraction, classiﬁcation and rear-
rangement of data into demographic and clinical information.
Doing this, improves the recognition of data already represented
in archetypes, which are accessible on the CKM. Many of these
archetypes relate to general data demanded on documents andthus can be reused within this context [5]. The strategy of reuse
helps to be aligned with the principles of openEHR so that already
existing archetypes can be used wherever possible. If necessary,
the archetypes should be modiﬁed. The development of new arche-
types should only be considered if the other two options are not
applicable.
4.3. Data representation
We decided to represent demographic and clinical data, which
are legally demanded by the Brazilian Ministry of Health. Two
forms are required for the documentation of obstetrics data.
Before a woman gets attended by a Brazilian health unit within
the context of obstetrics, her identity is recorded. Therefore, a form
is provided to health units carrying out services in this ﬁeld. This
form is referred to as ‘Form 1’. The pregnant woman is considered
to be the ‘Health Care Consumer’. The health unit itself, which
assumes the role of the health care provider, will be referred to
as ‘Service Provider’. ‘Form 1’ includes general information about
the pregnant patient like name, address and birthday for example.
‘Form 2’ contains further demographic information as well as par-
ticularly clinical data. Table 1 lists information taken from ‘Form 1’
concerning ‘Service Provider’ data and explains the details of these
information, whereas Table 2 encloses health care consumer data
in details. Both forms can be found in its original language in the
Appendix. ‘Form 1’ follows a division into three main parts; (1)
comprised demographic information, (2) educational background
and civil state, as well as (3) clinical information besides others.
One section also refers to personal and family related anamnesis.
Clinical information relates to stages before birth and needs to be
modelled in this way as well. This procedure is sufﬁcient to test
the openEHR approach because modelling postnatal information
would be redundant in the matter of methods.
The registration form demands information from the ‘Service
Provider’ and the ‘Health Care Consumer’ separately on the same
form. In Table 2, information from line 19 to 22 are considered
as not related to demographic data. Data listed in row 19 and 20
are associated as clinical information. Line 21 and 22 neither refer
to clinical nor to demographic content but serve bureaucratic
regulations.
All demographic data from ‘Form 1’ were found in the clinical
knowledge resource, the CKM. Hierarchically structured informa-
tion out of the second patient data sheet, ‘Form 2’, was restricted
to further used data. This form contains a combination of data
relating to patient description and medical practice. A correct clas-
siﬁcation and subsequent dissociation of these data is necessary to
avoid allocations to wrong entities and a subsequently wrong RM.
Therefore, Table 3 lists a division into demographic and clinical
data. Doing so facilitates the overview so that already existing
archetypes can be detected easily and the ﬁrst principle of Sam
Heard, to reuse already existing archetypes, applied [5]. Due to
redundancy, the authors did not mention age and alphabetization
from ‘Form 2’. It is assumed that ‘Age’ represents information
directly relating to birthday and ‘Alphabetization’ can be inferred
from education. Thus, only ‘Civil Status’ and ‘Education
Background’ from ‘Form 2’ have been taken into consideration as
demographic data. Moreover, we observed that besides
‘Education Background’, ‘PSF Area and Micro Area’ and ‘Name of
Mother’ other data are represented in already existing archetypes.
As it can be obtained from Table 3, in ‘Form 2’, demographic
data encloses ‘Age’ deﬁned in years, ‘Alphabetization’ to document
if the patient is literate, ‘Civil Status’ and ‘Education Background’.
Moreover, clinical data on ‘Form 2’ encloses two major categories
being ‘Anamnesis’ and ‘Examination’. While ‘Anamnesis’ data are
recorded by questioning the health consumer, ‘Examination’ is a
way to retrieve data by the means of physical inspection.
Table 1
Service provider Data from ‘Form 1’ as requested by the Brazilian Ministry of Health
and translated into English.
Service provider data Description
01. Name Name of Name of the establishment, where the
registration took place
02. Registration
Number
Every unit has an own code number, which is
called CNES (Cadastro Nacional de
Estabelecimento) and translated as ‘national
establishment registration’. This number is
provided by the Brazilian government
03. Name of the City e.g.: Colombo
04. Code of the City The Brazilian institution for geography and
statistics (IBGE) provides a special code for
municipalities
05. Initials of the
Federative Unit
Each of the 26 Brazilian States has its own initials
06. Code of the
Federative Unit
State or federal district code provided by (IBGE)
Table 2
Health Care Consumer Data from ‘Form 1’ as requested by the Brazilian Ministry of
Health and translated into English.
Health care consumer
data
Description
07. SISPRENATAL-ID Every pregnancy receives an Identiﬁcation
Number provided by the governmental
08. PSF Area and Micro
Area
The patient gets attended by the family health
care program, which is offering services within
the particular area, where the health care
consumer lives. The ID of the area she belongs to
and the initials of the micro area are demanded
09. Name of Pregnant
Women
Full name
10. Birthday dd/mm/yy
11. Name of the Mother It is important to state the name of the mother of
the health care consumer in order to refer to a
related contact person
12. Skin Color There exist 5 options: white, black, yellow,
brown and indigenous
13. Address Complete address of the pregnant woman
consisting of: number, street, neighborhood,
city, zip code and telephone number
14. SUS Number The Brazilian National Public Health Care System
provides an identiﬁcation number for every
registered person
15. CPF Number An identiﬁcation number provided by the
Brazilian government to every Brazilian citizen
16. Certiﬁcate Details about the certiﬁcate quoting the name of
the person (birth or marriage certiﬁcate)
17. ID Identiﬁcation number, general registration
number of every person living in Brazil
18. Employment Record
Card Number
Every legal worker has an identifying card
recording the occupation, length of service, pay
and any accidents at work
19. Date of First
Consultation
First date of clinical consultation during actual
pregnancy
20. Date of Last
Menstruation
Due to difﬁculties of a correct reconstruction of
conception date, this date is used to give
evidence about the stage of pregnancy
21. CBO Code classifying the profession of clinical staff. A
doctor has for example another code than a
nurse
22. Signature and
Stamp
The signature of qualiﬁed professionals and the
stamp of the unit
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also to her relatives. The detail ‘Health History’ includes requests
about the patients’ relatives abnormalities encompassing
‘Diabetes Mellitus’, ‘Arterial Hypertension’, ‘Multiple Pregnancies’
(twins, triplets etc.) and a ﬁeld for describing ‘Others’.
Furthermore, abnormalities of the patient herself are requestedincluding ‘Arterial Hypertension’, ‘Diabetes Mellitus’, ‘Infertility’,
‘Urinary Tract Infection’, ‘Uterus Surgery’ as well as a ﬁeld for
‘Other Abnormal Occasions’. A further anamnesis request refers
to prior pregnancies as well as the number of gestations, births
and aborts. Moreover, ‘Form 2’ includes the option to classify the
risk factor of the patient by marking whether she had never given
birth or more than three times. In case of previous births, informa-
tion about the number of vaginal births and Caesareans are
requested. Furthermore, it is necessary to quote how many births
were live- and how many were still-births. Out of live-born chil-
dren, the number of living, dead newborn within the ﬁrst seven
days and dead after the ﬁrst week need to be provided.
Moreover, the date of the latest pregnancy termination also like
the weight of the heaviest newborn is requested in the form. In
addition to that, the patient has to quote if at least one of the prior
births was lighter than 2500 g. Despite ‘Health Care Consumer’
Data, ‘Form 2’ requests data about the ‘Health Care Provider’ like
‘Name’, ‘Identiﬁers’ and ‘Address’, which are correlated to the con-
cept of an organization. Due to that, demographic archetypes were
ﬁltered by the subject ‘organization’. The authors selected an
archetype, with the ID openEHR-DEMOGRAPHIC-
ORGANISATION.organisation.v1 which has been in a draft status
during this research. It was chosen because this archetype is able
to represent required demographic data about the ‘Health Care
Provider’. From Fig. 3, the mind map view of this archetype can
be obtained. This ﬁgure shows clearly arranged, which subjects
are deﬁned within the archetypes structure. The circled letter ‘A’
marks the reference to one or more archetypes. The node
‘Contacts’ refers to address and includes two further archetypes
representing the physical and electronic address of the organiza-
tion. Data about the name of the city can be stored in openEHR-
DEMOGRAPHIC-ADDRESS.address-provider.v1. Within the latter,
IBGE codes, which are special codes for municipalities provided
by the Brazilian Institution For Geography and Statistics (IBGE),
can also be represented. ‘Details’ refers to any further archetype
used to identify the provider. In this case, the archetype refers to
openEHR-DEMOGRAPHIC-CLUSTER.provider_identiﬁer.v1 and
includes an identiﬁer designation, wherein a number or code
assigned to the provider can be stated for identiﬁcation purposes
of that speciﬁc provider on a national level. In this representation,
a national establishment registration number (CNES) can be repre-
sented. Every health unit in Brazil receives such a registration
number by the government.
‘Identities’ as a further node is used to identify the organization
by names it is known by. That node refers to the archetype
openEHR-DEMOGRAPHIC-
PARTY_IDENTITY.organisation_name.v1. This archetype suits the
best for the storage of health unit names. Changing the occurrences
from 1. . .1 (only one occurrence) to 1. . .⁄ (inﬁnite occurrences)
allows to store more than one name (as demanded in ‘Form 1’)
and further name related data like the initials of the health unit
it is ofﬁcially abbreviated. The ‘Providers’ name is represented
within ‘Identities’ as well as the initials of the Federative Unit.
‘Relationships’ is a node representing relations to other organiza-
tions and departments. ‘Description’ refers to general information
about the archetype. However, the organization performs the role
of a service provider, like it is the case in this work, a second arche-
type is required. It is therefore essential to be able to state the func-
tion of the organization. For this reason, it is necessary to deﬁne
the speciﬁc role, which the organization performs as a service
provider within the archetype ‘openEHR-DEMOGRAPHIC-
ROLE.healthcare_provider_organisation.v1’. This archetype
deﬁnes information based on a function speciﬁed structure. This
way to represent demographic data about the health unit requires
a total of ﬁve previously mentioned archetypes:
Table 3
Patient record, ‘Form 2’, as requested by the Brazilian Ministry of Health and extracted into an archetype conform structure.
Patient record
Demographic data Clinical data
Age Alphabetization Civil Status Education Background Anamnesis Examination
– – – – Personal Family Body examination Anamnesis
– – – – Health History Prior Pregnancies Health History Consultation One Time –
Fig. 3. Draft archetype openEHR-DEMOGRAPHIC-ORGANISATION.organisation.v1 used for modiﬁcation of organization ID.
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 openEHR-DEMOGRAPHIC-ADDRESS.address-provider.v1
 openEHR-DEMOGRAPHIC-CLUSTER.provider_identiﬁer.v1
 openEHR-DEMOGRAPHIC-
PARTY_IDENTITY.organisation_name.v1
 openEHR-DEMOGRAPHIC-
ROLE.healthcare_provider_organisation.v1
An alternative to the above mentioned method would be the
specialization of openEHR-DEMOGRAPHIC-
ORGANISATION.organisation.v1 using an archetype editor. A pos-
sible name for such a specialization would be ‘health-
care_provider’, leading to the appearance of the following name
of the specialized archetype: openEHR-DEMOGRAPHIC-
ORGANISATION.healthcare_provider-organisation.v1. The origi-
nal content will be taken over and remain editable.
4.4. Modelling of demographic archetypes
Fig. 4 (left) presents the interface of the LinkEHR-Ed tool
wherein the following demographic archetype is created. This tool
was selected because it enables the creation of archetypes based on
the demographic RM. First of all, the organization has to be chosen.
It can be selected between CEN and openEHR. The authors chose
openEHR because this work refers to the international openEHR
organization. The second step requires a choice between two
RMs. Besides the demographic RM, the EHR RM can be selected.
It is not possible to create a demographic archetype using the
EHR RM. Based on the demographic RM, 16 entities are available:
‘Address’, ‘Agent’, ‘Capability’, ‘Cluster’, ‘Contact’, ‘Element’,
‘Group’, ‘Item List’, ‘Item Single’, ‘Item Table’, ‘Item Tree’,
‘Organization’, ‘Party Identity’, ‘Party Relationship’, ‘Person’ and
‘Role’. They deﬁne the matter of data represented in the archetype.
Because of the purpose of demographic data representation of
pregnant women, the entity ‘Person’ was chosen. By that, the
patient archetype gets ‘Person’ as its root class.
The concept ‘Consumer’ in the sense of health care consumer
was chosen. At least one idiom needs to be selected. Afterward, a
translation can be done, so that the archetype can be read in vari-
ous languages. The authors chose English due to its status as a lin-
gua franca for electronic communications. The developed
demographic archetype OpenEHR-demographic-
PERSON.consumer.v1 shows the following structure in the compo-
sition mode as shown in Fig. 4 (right). Patient demographic data
are split into three main parts: ‘Contacts’, ‘Details’ and
‘Identities’. Moreover, these parts are subdivided into slots. A slot
is a chaining point of one archetype. However, it is possible to con-
strain how many occurrences of this archetype are accepted. Slots
are special nodes, where archetypes can be added. ‘Contact’ for
example, is subdivided into a slot wherein two archetypes arelocated. These archetypes describe addresses. We decided to use
electronic and physical addresses as patient contacts. By doing
so, not only the demanded physical address is represented but also
an alternative address like email or the required telephone number
provided. In order to store information about the area, the person
is attended through the PSF program (family health program),
archetypes had to be specialized to openEHR-EHR-
CLUSTER.Health_Unit_Area-address.v1. Herein, two elements
were added representing data about area and micro area. These
information could not be stored in the original archetype. The sec-
ond main section ‘Details’ contains all documentations except for
names and identities. This part includes a reference to the
openEHR-DEMOGRAPHIC-ITEM_TREE.person_details.v1 arche-
type. Because of its content, which is highly relating to the only
element missing, this archetype was extended by one more detail,
the education background. Therefore, the above mentioned arche-
type was downloaded and specialized as openEHR-
DEMOGRAPHIC-ITEM_TREE.education-person_details.v1, as
shown in Fig. 5. This detail is additional and supplements already
included data in this archetype. The archetype contained originally
eight clusters concerning ‘Birth’, ‘Death’, ‘Biometrics’, ‘Gender
Information’, ‘Mother’s Family Name’, ‘Marital Status’, ‘Ethnic
Background’ and ‘Identiﬁcation Comments’. These clusters refer
to a grouping class within trees that allow sub trees to be speciﬁed.
Since none of the clusters matched with the information
‘Education Background’, this detail was added within this special-
ization and then put into the slot relating to ‘Details’.
Information about educational status are important for medical
staff in order to assess the communication level with the patient
concerning medical treatments. The education status is divided
into ‘Fundamental’ (at0.11), ‘Intermediate’ (at0.12), ‘Higher’
(at0.13) and ‘others’ (at0.14). Therefore, DV_CODED_TEXT class,
which is coded rubric, is used to state the different levels of educa-
tion. Terms directly referring to that rubric are subdivided into
codes relating to the same mother element. Here, each code stands
for a different level. The created archetype is shown for modelling
demonstration purposes only. For the representation of required
data, the modiﬁcation of the already existing openEHR-
DEMOGRAPHIC-ITEM_TREE.person_details.v1 by the addition of
education related data was sufﬁcient and conform to the ﬁrst of
the three guiding principles set by Sam Heard. The archetype itself
is originally written in Portuguese but translated into English.
Therefore, the specialization was edited in both languages, too.
Doing so preserves form consistency.
4.5. Modelling of clinical archetypes
In contrast to demographic archetypes, clinical data were built
with the EHR RM. In order to specify many sets of clinical concepts,
a template needs to be created. First, a structure as shown in
Fig. 4. Archetype development with LinkEHR-Ed Archetype Editor, Wizard (left) and Archetype Tree (right).
Fig. 5. Modelling of a demographic archetype with LinkEHR-Ed Archetype Editor.
1 For interpretation of color in Fig. 6, the reader is referred to the web version o
this article.
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into ‘Medical History’ and ‘Actual Pregnancy’. The latter continues
into a subdivision of ‘Previous pregnancies’ describing earlier ges-
tations, ‘Examination’, ‘Consultation’ and ‘Pregnancy’ referring to
the actual stage of gestation. The ‘Pregnancy’ tree contains ele-
ments referring to three of the four child classes, namely:
‘Evaluation’, ‘Observation’ and ‘Action’. Same goes to other trees
and their slots. These slots can be specialized in their capacity.
Thus, one slot can contain a deﬁned number of archetypes. The
next step consists of an allocation of archetypes out of a set. This
repository needs to be ﬁlled with archetypes, which are foreseen
to be put into these previously created slots. Through the applica-
tion of drag and drop on archetypes into associated slots, their con-
tent gets listed. A closer example is given in ‘Family History’. As for
this child class, ‘Risk of condition based on family history’ is drawn.
In ‘Template Viewer’ mode, symbols in front of each item show to
which type of data the element refers to. Here, ‘T’ means DV_TEXT,
tick and cross represent a DV_BOOLEAN, ‘Q’ stands for quantity,
and so on. Both, ‘Indexed Condition’ and ‘Assessed Risk’ representDV-TEXT, whereas ‘Presence’ is of DV_BOOLEAN character. All
these data types cannot be changed on the level of template
designing. This is only possible by the use of a template editor.
Subsequently, the template editor was used to create a section
archetype and ﬁll it with respective archetypes as shown in
Fig. 6. This pre-structure contains sections shown in green1 and
subsections displayed in red. These subsections are actually slots,
which are directly referring to the entity, to which the later arche-
types will be assigned to. Thus, creating a slot is directly combined
with the decision about the attribute of archetypes being
‘Observation’, ‘Evaluation’, ‘Instruction’ or ‘Action’. A clinical arche-
type is divided into three sections and further slots represented in
square brackets next to the subject. The chosen subject does not
restrict the choice. Furthermore, named sections help to allocate
archetypes. In this case, the only restriction is the choice of entity.
The classiﬁcation represented in Table 4 and Fig. 6 is based on dataf
Table 4
Clinical patient data represented in openEHR-EHR-SECTION.health_unit.v1 archetype.
Clinical patient data
Medical history Actual pregnancy
Family history [EVALUATION] Risk
[EVALUATION]
Previous pregnancies Examination Consultation Pregnancy
Example: Risk of condition based
on family history
– Past pregnancies
[EVALUATION]
Physical examination
[OBSERVATION]
General [ACTION] wEight [OBSERVATION]
⁄data [1..1] – – Pap smear
[OBSERVATION]
Amenorrhea
[EVALUATION]
Height [OBSERVATION]
⁄⁄! – Index condition [0..⁄] – – V.D.R.L [OBSERVATION] Weight
[OBSERVATION]
Date of last menstrual period
[EVALUATION]
⁄⁄presence [0..1] – – Smoking [OBSERVATION] Blood pressure
[OBSERVATION]
Expected date of delivery
[EVALUATION]
⁄⁄Assessed risk – – – uterus [OBSERVATION] vaccine [ACTION]
⁄⁄Relative – – – Fetal heart rate
[OBSERVATION]
Hospitalization [EVALUATION]
⁄⁄Affected ratio – – – Fetal movements
[OBSERVATION]
Blood type [OBSERVATION]
⁄Protocol – – – – Blood sensibility
[EVALUATION]
⁄Slot, ⁄⁄subslot – – – Transfusion [ACTION]
Fig. 6. Section Archetype representing clinical data from ‘Form 1’ and ‘Form 2’.
182 C. Pahl et al. / Journal of Biomedical Informatics 55 (2015) 174–187from both, ‘Form 1’ and ‘Form 2’. Those data dealing with prenatal
information were selected and redundancies summed up.
4.6. Specialization
Specialization is required if an internationally published arche-
type needs to be adapted to local variations. Doing so helps to keep
the core content consistent with the published archetype. In this
research, specialization was used to make generic parent arche-
types more speciﬁc. At this point, versioning the speciﬁed arche-
type is a common practice. Within the CKM governance
processes, backwardly compatible changes will be released as a
revision v1.x, whereas as a non-backwardly compatible change to
the published archetype is released as a new version.
5. Results and discussion
In this section, we demonstrate archetypes utilized for the rep-
resentation of demographic and clinical data. First, used demo-
graphic provider and consumer data related archetypes are
listed. This is followed by the listing of modiﬁed demographic
archetypes. Subsequently, reused as well as modiﬁed clinical
archetypes are shown. Finally, statistics and literature analogies
concerning data representation on the CKM and modiﬁcation of
archetypes are presented and evaluated. The aim of this research
has been to investigate whether openEHR is feasible in modelling
obstetrics related patient data on a regional level. In order to study
initially stated research questions, we applied the openEHR speci-
ﬁcation with the use of selected open source tools. The complete
process was documented and discussed with professionals of the
Ocean Informatics team, openEHR community and the Brazilian
Health Unit in Colombo as well as the Department of Informatics
at the Federal University of Paraná. The extraction of demanded
data from legal forms and subsequent rearrangement resulted in
two new structures representing either data of clinical or demo-
graphic content. Further contemplation of both structures, lead
to a simpliﬁed classiﬁcation of items in archetype related cate-
gories. Single archetypes were able to cover various data.
Demographic data related archetypes are shown in Tables 5–7.
As for the demographic provider and consumer data in Tables 5
and 6, it can be observed that all data requested by the Ministry
of Health can get covered by the reuse of archetypes provided on
Table 5
Reused archetypes and their details used to represent Demographic Provider data as requested by the Brazilian Ministry of Health.
Demographic provider data Archetype ID XML details
Name openEHR-DEMOGRAPHIC-PARTY_IDENTITY.organisation_name.v1 ELEMENT[at0010] Name
Registration Number openEHR-DEMOGRAPHIC-CLUSTER.provider_identiﬁer.v1 ELEMENT[at0001] Identiﬁer designation
Name of the City openEHR-DEMOGRAPHIC-ADDRESS.address-provider.v1 ELEMENT[at0007] Suburb/town/locality
Code of the City openEHR-DEMOGRAPHIC-ADDRESS.address-provider.v1 ELEMENT[at0004] Census area
Initials of the Federative Unit openEHR-DEMOGRAPHIC-PARTY_IDENTITY.organisation_name.v1 ELEMENT[at0024] Abbreviated name
Code of the Federative Unit openEHR-DEMOGRAPHIC-ADDRESS.address-provider.v1 ELEMENT[at0008] State/territory/province identiﬁer
Table 6
Reused archetypes and their details used to represent Demographic Consumer Data as requested by the Brazilian Ministry of Health.
Demographic consumer data Archetype ID XML details
SISPRENATAL-ID openEHR-DEMOGRAPHIC-CLUSTER.person_identiﬁer.v1 ELEMENT[at0001] Identiﬁer main data
Name of the Pregnant Women openEHR-EHR-CLUSTER.person_name.v1 CLUSTER[at0002] Structured name
Birthday openEHR-DEMOGRAPHIC-CLUSTER.person_birth_data_iso.v1 ELEMENT[at0001] Birth date
Name of the Mother openEHR-DEMOGRAPHIC-ITEM_TREE.person_details.v1 ELEMENT[at0032] Mother’s original family name
Skin Color openEHR-DEMOGRAPHIC-ITEM_TREE.person_details.v1 ELEMENT[at0034] Ethnic background
Address openEHR-DEMOGRAPHIC-ADDRESS.address.v1 ELEMENT[at0028] Street name
ELEMENT[at0029] Street number
ELEMENT[at0003] District,
ELEMENT[at0006] Postal code
ELEMENT[at0007] Suburb/town/locality
Telephone Number openEHR-DEMOGRAPHIC-ADDRESS.electronic_communication.v1 ELEMENT[at0020] Telephone
ELEMENT[at0007] Details
SUS Number openEHR-DEMOGRAPHIC-CLUSTER.person_identiﬁer.v1 ELEMENT[at0001] Identiﬁer main data
CPF Number openEHR-DEMOGRAPHIC-CLUSTER.person_identiﬁer.v1 ELEMENT[at0013] National
Certiﬁcate openEHR-DEMOGRAPHIC-CLUSTER.birth_data_additional_detail_br.v1 ELEMENT[at0000] Other birth certiﬁcate data
Employment Record Card Number openEHR-DEMOGRAPHIC-CLUSTER.person_identiﬁer.v1 ELEMENT[at0001] Identiﬁer main data
Table 7
Modiﬁed demographic archetypes and their details used to represent Demographic
Consumer Data as requested by the Brazilian Ministry of Health.
Demographic
consumer data
Archetype ID XML details
PSF Area and
Micro Area
openEHR-EHR-
CLUSTER.Health_Unit_Area-
address.v1
ELEMENT[at0.2]
PSF Area
ELEMENT[at0.6]
PSF Micro Area
ID openEHR-DEMOGRAPHIC-
PARTY_IDENTITY.Certiﬁcate-
person_name.v1
ELEMENT[at0.2]
Certiﬁcate name
ELEMENT[at0.4]
Certiﬁcate details
Education
Background
openEHR-DEMOGRAPHIC-
ITEM_TREE.education-
person_details.v1
ELEMENT [at0.11]
Fundamental
ELEMENT [at0.12]
Intermediate
ELEMENT [at0.13]
Higher
ELEMENT [at0.14]
Others
Table 8
Reused archetypes meeting the clinical data requirements of the Uniﬁed National
Health System in Brazil.
Clinical Data Archetype ID XML details
Blood group,
Rhesus
factor
openEHR-EHR-
OBSERVATION.blood_match.v1
ELEMENT[at0004]
AB0
ELEMENT[at0005]
Rhesus
Body weight openEHR-EHR-
OBSERVATION.body_weight.v1
ELEMENT[at0004]
Weight
Occurrence of
fetal
movements
openEHR-EHR-
OBSERVATION.fetal_movement.v1
ELEMENT[at0007]
Present
Height of the
patient
openEHR-EHR-
OBSERVATION.height.v1
ELEMENT[at0004]
Height/Length
Maximum and
minimum
blood
pressure
openEHR-EHR-
OBSERVATION.blood_pressure.v1
ELEMENT[at0004]
Systolic
ELEMENT[at0005]
Diastolic
Size of uterus openEHR-EHR-
CLUSTER.physical_properties.v1
ELEMENT[at0034]
Diameter
ELEMENT[at0029]
Length
ELEMENT[at0031]
Breadth
Name of
professional
openEHR-EHR-
CLUSTER.person_name.v1
ELEMENT[at0001]
Unstructured name
Papanicolaou
test and
V.D.R.L
openEHR-EHR-
OBSERVATION.lab_test.v1
ELEMENT[at0005]
Test name
ELEMENT[at0078]
Result
ELEMENT[at0073]
Test status
ELEMENT[at0075]
Date/time result
issued
Smoking openEHR-EHR-
OBSERVATION.substance_use-
tobacco.v1
ELEMENT[at0005]
Frequency
ELEMENT[at0012.1]
Number smoked
Fetal heart rate openEHR-EHR-
OBSERVATION.fetal_heart.v1
ELEMENT[at0005]
Heart Rate
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sufﬁcient to cover provider data, Tables 6 and 7 show that a total of
10 different archetypes are required to cover data demanded from
the health care consumer. Out of these 10 archetypes, 3 underwent
modiﬁcations in order to meet domain speciﬁc requirements. The
coverage of demographic data required the use of 13 different
archetypes.
The same procedure was performed with clinical data. In the
case demanded data were already represented within existing
archetypes, the archetype’s identiﬁcation number, which can be
used to view the archetype on the CKM was added. In Table 8 all
required clinical archetypes, which have been reused, are listed
with their details. Three columns separating ‘Clinical Consumer
Data’, ‘Archetype ID’ and ‘XML Details’ interconnect required clin-
ical data. In Table 9, modiﬁed archetypes are represented.
Modiﬁcation was only applied when respective data could not be
Table 9
Modiﬁed clinical archetypes satisfying the demands of the Uniﬁed National Health System in Brazil with their already existing content.
Clinical consumer data Archetype ID XML details
Family history openEHR-EHR-EVALUATION.risk-family_history-SUS.v1 ELEMENT[at0.0.34] Diabetes
ELEMENT[at0.0.35] Arterial Hypertension
ELEMENT[at0.0.36] Multiple pregnancies
ELEMENT[at0.0.37] Others
ELEMENT[at0.31] Presence
Medical History openEHR-EHR-EVALUATION.risk-SUS.v1 ELEMENT[at0014] Urinary infection
ELEMENT[at0015] Infertility
ELEMENT[at0016] Diabetes
ELEMENT[at0017] Arterial hypertension
ELEMENT[at0018] Pelvis/uterus surgery
ELEMENT[at0019] Others
ELEMENT[at0020] Presence
Pregnancy openEHR-EHR-EVALUATION.pregnancy-SUS.v1 ELEMENT[at0008] Date of LMP
ELEMENT[at0109] Doubts
ELEMENT[at0021] Any prior pregnancy or more than three
ELEMENT[at0112] Vaginal births
ELEMENT[at0113] Caesareans
ELEMENT[at0127] Born alive
ELEMENT[at0129] Dead within ﬁrst week
ELEMENT[at0130] Dead after ﬁrst week
ELEMENT[at0131] Still alive
ELEMENT[at0128] Born dead
ELEMENT[at0116] Date of last pregnancy termination
ELEMENT[at0115] Weight less than 2.500 kg
ELEMENT[at0114] Weight more than 2.500 kg
ELEMENT[at0123] Amenorrhea
ELEMENT[at0118] Blood sensibility
ELEMENT[at0119] Hospitalization
ELEMENT[at0120] Duration
ELEMENT[at0013] Expected date of birth
ELEMENT[at0121] Doubts date of birth
Transfusion openEHR-EHR-ACTION.procedure-transfusion.v1 ELEMENT[at0002.1] Transfusion
ELEMENT[at0043] Completed
ELEMENT[at0.6] Done during gestation
ELEMENT[at0.7] Local name
Consultation openEHR-EHR-ACTION.procedure-SUS.v1 ELEMENT[at0002.1] Consultation
ELEMENT[at0047] In progress
ELEMENT[at0.67] Number
ELEMENT[at0.63] Professional name
Vaccination openEHR-EHR-ITEM_TREE.medication-vaccine-
tetanus.v1
ELEMENT[at0.0.4] Tetanus
ELEMENT[at0.0.5] Started
ELEMENT[at0022] Sequence number
Name of a named body part and its condition openEHR-EHR-CLUSTER.exam-generic.v1 ELEMENT[at0.9] Name of object
ELEMENT[at0005] Normal statement
Condition of cervix openEHR-EHR-CLUSTER.exam-uterine_cervix.v1 ELEMENT[at0005] Normal statement
Condition of teeth and related structures openEHR-EHR-CLUSTER.exam-mouth.v1 ELEMENT[at0005] Normal statement
Appearance of uterus openEHR-EHR-CLUSTER.exam-uterus.v1 ELEMENT[at0002] Clinical description
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added to matching but incomplete archetypes. The family history
archetype, for example, provides ﬁve elements, which are consid-
ered as necessary: ‘ELEMENT[at0.0.34] Diabetes’ representing
essential data about diabetic conditions, ‘ELEMENT[at0.0.35]
Arterial Hypertension’ representing high blood pressure condi-
tions, ‘ELEMENT[at0.0.36] Multiple pregnancies’ for conditions
with more than one fetus being carried in a single pregnancy and
ﬁnally, ‘ELEMENT[at0.0.37] Others’ for other related details. As
for the case of clinical data, 20 different archetypes were required
to cover domain related data. Out of these 20 archetypes, 10 were
reused in their original condition, whereas, the other 10 underwent
demanded modiﬁcations.
All in all, 33 different archetypes comprised of 13 demographic
and 20 clinical archetypes were required to cover data demanded
by the Uniﬁed National Health System (SUS). Out of these 33
archetypes 61% were reused, whereas 39% underwent modiﬁca-
tions. As for demographic data, the major part could be reused with
a distribution of 77% so that only 23% had to be modiﬁed. Clinical
archetypes required more modiﬁcations than it can be obtained
from the demographic domain. The distribution between reusedand modiﬁed clinical archetypes is 1:1. These results are comple-
mented by the development of one archetype template being
openEHR-EHR-SECTION.health_unit.v1 for the constraint repre-
sentation of clinical patient data. It can be obtained that the
openEHR approach with its RM, its archetypes and templates is
suitable for representing the demographic and obstetrics related
data as applied in Brazilian health units. Most of the existing arche-
types show sufﬁcient representation of data, which are required to
cover information demands. In order to describe the issues related
to the development of openEHR content, it can be stated that the
process of representing demanded data depends on the type of
data and tool used. Demographic data were already represented
to a major extent within archetypes based on the demographic
model of reference. It is the same with clinical information, of
which 50% already existed on the CKM with reference to the clin-
ical RM. Issues in the use of archetype editors, template designer
and the openEHR approach itself were noticed. Regarding ADL,
its syntax dADL is not accepted by most openEHR users and thus
rarely used. In contrast to the primary intention of dADL to facili-
tate data exchange, its use showed not to be popular among
experts. Due to the fact that primarily Brazilian developers
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the main part of information requested on the Brazilian forms
already existed and the authors required solely the addition of
some data. Some archetypes were overloaded with translations,
so that keeping an overview became challenging besides the fact
that added items needed to be translated into all languages pro-
vided. Doing so requires the cooperation with the team working
on their content in order to keep consistency. However, issues
relating to the state of archetypes occurred. Because unpublished
archetypes are subject to changes, the modelling process required
a certain degree of ﬂexibility with the CKM. An example for this is
the ‘Person Details’ related demographic archetype, which could
only be changed after the template designer was made accessible.
Therefore, this work was performed under processing conditions.
Further difﬁculties occurred due to the governance of the used
CKM repository, which shows slow changes on the platform.
Statistics published on the CKM report that in 2011 from a total
number of 292 archetypes only 9 were published. That means that
within three years not even 4% of the archetypes were elaborated
sufﬁciently enough to be used correctly in EHR contexts. Even if
approved by the openEHR medical advice, each archetype must
also be approved for the use within other entities, and so most of
the archetypes are not shared and stay on institution level and
not in the CKM. This aspect may be taken into account for future
considerations.
As for the comparison of our results with previously published
works on openEHR data representation, there is strong consent
with results acquired by Silva stating that openEHR is not sufﬁcient
for representing gestation related data [69]. We conﬁrm the obser-
vation that openEHR still needs to be extended by additional
obstetrics related data. Moreover, we observed that our approach
did not necessarily require the creation of new archetypes since
all data required was related to previously developed archetypes,
which were made suitable in this work by domain speciﬁc modiﬁ-
cations. This is in contrast to works published by other research
groups working in the ﬁeld of obstetrics. Bernstein et al. required
a small number of only 10 archetypes to represent obstetrics
related data on a national level in Denmark. Moreover, Buck and
his research team showed signiﬁcant archetype development rates
being as high as 54% [15]. Under consideration of these publica-
tions, our results show in detail a higher number of reused arche-
types and the utilization of consistent methodologies to avoid new
archetypes. All in all, besides a few drawbacks in the use of
openEHR, these results underpin conﬁdence that the openEHR
approach is highly usable for the international representation of
clinical and demographic data and also conﬁrm openEHR to be suf-
ﬁcient for the representation of data on national level in the con-
text health care digitalization in Brazil.
5.1. Generalization of openEHR application
Above presented openEHR tools and methods can be applied to
different moments of care exceeding patients’ demographics in the
obstetrics scenario. A related scenario would be the application of
openEHR in another regional scenario dealing with dementia
patients. The implementation of this methodology in already elab-
orated telemedicine infrastructure for interoperable knowledge
sharing at a distance represents a suitable approach [63]. This
would make clinical knowledge about geographically and demo-
graphically disadvantaged populations accessible to medical spe-
cialists and ensure quality of care. A further approach being less
considered by literature is the application of openEHR in the ﬁeld
of automatic cardiac intervention monitoring [41]. Ultrasound
image data about the patient’s cardiac condition are generated dur-
ing clinical interventions and become part of EHR. This information
is used for the evaluation of required clinical actions during theintervention. A combination of clinical pathways based on
openEHR and automated data collection would represent a suitable
platform to process patient data and ensure correct clinical deci-
sions. Using openEHR for data processing of regional telemedicine
and control of automated monitoring systems represents further
applications of openEHR.5.2. Validation of results
There are two aspects of validation: content and syntactical val-
idation. As for the content validation of our results, which repre-
sents the more crucial aspect, clinical domain professionals from
the health unit of Colombo as well as information modelling
experts compared the content of all archetypes utilized to repre-
sent demanded data from the forms provided by the Brazilian
Ministry of Health. Each archetype underwent an inspection con-
sidering the holistic representation of demanded clinical as well
as demographic data. The selection of correct data types repre-
sented a time consuming process. In this scale of analysis, it was
concluded that the CKM provides enough archetypes to represent
an excerpt of particular data demanded and sufﬁcient capacity of
tools to represent missing information. All archetypes and tem-
plates met the requirements for regional health data modelling.
As for the second aspect of validation, to meet technical syntax
requirements, it is possible to syntactically validate created arche-
types by ADL Workbench and CKM. Therefore, archetypes need to
be uploaded and pass multiple iterations of review processes [13].
This work, however, contributes mainly by the consistency pre-
serving method of reuse and modiﬁcation of already existing
archetypes. All archetype modiﬁcations performed in this work
are based on the graphic modelling tool LinkEHR-Ed Archetype
Editor, which automatically generates syntactically correct ADL
code. Therefore, the validation process in this work is restricted
to the ﬁrst aspect being content validation. Moreover, necessary
domain concept changes were communicated to the respective
editors to be considered in already existing archetypes on the
CKM. However, alternative archetype validation approaches can
be considered during the modelling process [56].6. Conclusion and future work
In this scale of analysis, it was shown that the CKM provides
sufﬁcient archetypes to represent an excerpt of particular data
demanded by the Brazilian Ministry of Health and therefore shows
the potential to become a candidate for a national logical infras-
tructure in obstetrics related data representation. Based on these
results, it can be concluded that further effort can lead to a com-
plete representation of patient data used for electronic record of
Brazilian health units. However, the approach of openEHR is appli-
cable mutatis mutandis to speciﬁc demands. The CKM offering a
wide range of clinical and demographic resources, builds an inevi-
table reference relating to archetype work. Caution is advised in
matters of designation. Some terms describe the same subject.
Especially on multi organizational level, replicas of the same
domain occur. However, an entity must select the archetypes that
will be used by it, and these will not be repeated. This should be
considered when archetypes are quarried for particular content.
All possibilities of naming should be tried out. Hence, content
should be reconsidered and archetypes with a more general con-
tent taken into consideration. In the case that a direct search was
not successful, representing data as adequate speciﬁcations is an
alternative. It should be regarded that many archetypes were built
when CKM was published. It was put to use several years ago.
Although, they have good content, their design does not meet the
latest requirements. Here, NEHTA tries to improve the structure.
186 C. Pahl et al. / Journal of Biomedical Informatics 55 (2015) 174–187The use of four main classes results in ambiguity. ‘Instruction’ is
easy to differentiate from other classes. The same goes to ‘Action’
as an execution of instructions. The allocation of data between
these the two subclasses ‘Observation’ and ‘Evaluation’ may imply
difﬁculties during the modelling process. However, the coexistence
of ‘Observation’ and ‘Evaluation’ entry subclasses is necessary since
it deﬁnes two different subjective information. Subjective informa-
tion can be taken from two sources, from the physician or the
patient. All information provided by the patient are recorded in
the Observation subclass. On the other hand, all information pro-
vided by the doctor having his own view of the problem are
recorded in Evaluations. Furthermore, it is suspected that the
ITEM_TREE may not be used in the future. We found it difﬁcult
to discern why there is apparently inappropriate content in one
or the other. It is not obvious that this is to support the comple-
mentary archetype’s function. The fact that referring to
ITEM_TREE within an archetype is only possible during archetype
design time, complicates the use of the approach. Due to the dubi-
ous functionality we recommend to avoid ITEM_TREE in future
standard developments. Another perceived need for improvement
refers to instructions for the use of tools like editors and the tem-
plate designer. Offering online workshops, which explain the use of
tools in order to create archetypes, is useful to meet the interna-
tional character requirements of users. The ﬁrst step toward dis-
tance education is given by a few videos explaining the use of
LinkEHR-Ed. In order to improve the governance of archetypes on
the openEHR CKM, so that archetypes can get published faster
and used in real environments, the approval of each archetype
for the use within other entities should be improved. This step
would offer an improvement of governance and therefore faster
sharing on the CKM. Finally, a more intelligent search tool would
improve the work with clinical knowledge on the CKM.
Redundancies could be prevented and performance strengthened.
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